SUMMARY
Phospholamban (PLN) is a key regulator of sarcolemma calcium uptake in cardiomyocyte; its inhibitory activity to sarcolemma-endoplasmic reticulum calcium ATPase is regulated by phosphorylation. PLN hypophosphorylation is a common molecular feature in the failing heart. The current study provided evidence at the molecular, cellular, and whole-heart levels to implicate a sarcolemma membrane-targeted protein phosphatase, PP2Ce, as a specific and potent PLN phosphatase. PP2Ce expression was elevated in failing human heart and induced acutely at protein level by b-adrenergic stimulation or oxidative stress in cardiomyocytes. PP2Ce expression in mouse heart blunted b-adrenergic response and exacerbated ischemia/reperfusion injury. Therefore, PP2Ce is a new regulator for cardiac function and pathogenesis. releases its inhibition to SERCA2a activity, resulting in elevated SR Ca 2þ uptake and accelerated intracellular Ca 2þ decline during relaxation. This is a major mechanism contributing to the enhanced contractility in response to adrenergic and other stimulation (12) . In addition to its fundamental role in mediating myocyte contraction, PLN-mediated Ca 2þ regulation also plays a crucial role in cardiomyocyte cell death regulation, especially following myocardial infarction (MI) (13) . Depressed SR Ca 2þ cycling in the post-MI heart contributes to intracellular Ca 2þ overload, which in turn leads to myocyte necrosis and apoptosis (14, 15 and Thr-17 sites (11, (16) (17) (18) . In addition, protein phosphatase 2A (PP2A) subunit B56 also mediates targeted dephosphorylation of PLN Ser-16 in addition to other cardiac proteins. PLN hypophosphorylation is a common molecular feature in the failing hearts and mutations of PLN that affect its phosphorylation and interaction with SERCA2a lead to cardiomyopathy in humans (16, 17, (19) (20) (21) (22) (23) (24) (25) . Therefore, there is a need to better understand the underlying mechanism for PLN dephosphorylation and the relevant proteins.
In this report, we characterized an ER-targeted member of the protein phosphatase 2C family, PP2Ce, in the heart. PP2Ce messenger ribonucleic acid (mRNA) was detected in the heart. In cardiomyocytes and a cell-free system, PP2Ce showed high specificity toward the Thr-17 site of PLN, and its expression significantly suppressed b-adrenergic 
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A P R I L 2 0 1 7 : 1 6 0 -8 0 compared with non-heart failure hearts (normal, n ¼ 3). *p < 0.05 versus normal.
PP2Ce Regulates Phospholamban Phosphorylation A P R I L 2 0 1 7 : 1 6 0 -8 0 I/R IN ISOLATED HEART. The ex vivo I/R model was performed as previously described (27) . Briefly, the heart was perfused in the Langendorff system at a constant pressure of 80 mm Hg by gravity. A fluidfilled balloon was inserted into the left ventricle and connected to a pressure transducer for continuous recording of left ventricular pressure and heart rate. After 30 min of stabilization, hearts were subjected to 30 min of global normothermic (37 o C) ischemia followed by up to 120 min of reperfusion.
Heart tissues were collected for further studies. Continued on the next page
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PP2Ce
Regulates Phospholamban Phosphorylation dissolved in phosphate-buffered saline) was added to each well. After 3 h incubation in the dark, NRVMs were washed and lysed to release formazan, which was subsequently dissolved in 100 ml of dimethyl sulf- Akaike et al.
PP2Ce Regulates Phospholamban Phosphorylation A P R I L 2 0 1 7 : 1 6 0 -8 0 endoplasmic reticulum (ER) membrane (28, 29) ( Figure 1A) . In fat cells and mammary glands, PP2Ce possesses highly specific activity toward IRE1, a key signal molecule for ER stress response and serves as a negative feedback modulator to ER stress signaling, with a significant role in adiposity and lactating activity (28, 29) . By Northern blot analysis from tissues of adult mice, PP2Ce mRNA was also detected at substantial levels in the brain, heart, and diaphragm ( Figure 1B) . Using immunofluorescent microscopy, we confirmed that the full-length ( Figure 4A ) and deletion mutant PP2Ce without ER 
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Akaike et al. and functional levels ( Table 1) . Also, consistent with the in vitro results, the basal PLN phosphorylation at Thr-17 was significantly inhibited, although in this case, Ser-16 phosphorylation was also reduced ( Figures 7C and 7D ). In contrast, the phosphorylation levels of RyR2 at both PKA-and CaMKII-dependent sites and the phosphorylation levels of troponin I
were not changed, nor were the total protein levels for RyR2, troponin I, SERCA-2a, and sodium-calcium exchanger 1 ( Figures 7C and 7D) . Notably, PP1 Akaike et al.
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Akaike et al. vs. 40.06 AE 6.71%; p < 0.01) (Figures 10A and 10B) .
Additionally, using TUNEL staining, more apoptotic cells were detected in the PP2Ce9-TG heart than the control hearts ( Figure 10C ). To further support the status of impaired cardiac protection by PP2Ce expression, mitochondrial-mediated apoptotic cell death signaling as represented by cleaved caspase 9 was detected to be significantly induced in the PP2Ce-TG hearts compared with control hearts following I/R (Figures 10D and 10E ). and Thr-17 sites, as well as other substrates. In addition, PLN dephosphorylation can also be carried out by PP2A with its regulatory subunit B56. However, the specificity of PP2A/B56 is also not limited to PLN. In intact heart, however, PP2Ce expression affected both Ser-16 and Thr-17 sites, suggesting that either PP2Ce acquires new specificity in adult cardiomyocytes due to a complex interaction that is yet to be characterized or indirectly regulates Ser-16 phosphorylation. cross-reactivity toward PERK. In the heart, basal IRE1 expression is low (undetectable with current antibodies, data not shown), whereas the PP2Ce expression is relatively abundant. Therefore, PP2Ce function in heart may involve both substrates or other substrates that are yet to be characterized. Further molecular studies will be needed to determine all possible downstream targets of PP2Ce in the heart and to uncover the underlying molecular basis for such a high substrate specificity. TRANSLATIONAL OUTLOOK: PP2Ce expression is induced rapidly after pathological stress, and PP2Ce induction has negative effects on cardiac contractile function and cardiomyocyte viability. Therefore, PP2Ce induction may represent a novel mechanism for heart failure, and its inactivation can serve as a potential therapeutic strategy. 
